We study the kinematics and excitation mechanisms of H 2 and [Fe II] lines in a sample of 67 emission-line galaxies with Infrared Telescope Facility SpeX near-infrared (NIR, 0.8-2.4µm) spectroscopy together with new photoionisation models. H 2 emission lines are systematically narrower than narrow-line region (NLR) lines, suggesting that the two are, very likely, kinematically disconnected. The new models and emission-line ratios show that the thermal excitation plays an important role not only in active galactic nuclei but also in star forming galaxies. The importance of the thermal excitation in star forming galaxies may be associated with the presence of supernova remnants close to the region emitting H 2 lines. This hypothesis is further supported by the similarity between the vibrational and rotational temperatures of H 2 . We confirm that the diagram involving the line ratios H 2 2.121µm/Brγ and [Fe II] 1.257µm/Paβ is an efficient tool for separating emission-line objects according to their dominant type of activity. We suggest new limits to the line ratios in order to discriminate between the different types of nuclear activity.
INTRODUCTION
Molecular gas emission has been detected in the inner few tens of parsecs of the central region of emissionline galaxies (e.g. Alloin & Galliano 2002; Gratadour et al. 2003; Riffel et al. 2006a Riffel et al. ,b, 2008a Storchi-Bergmann et al. 2010; Riffel & Storchi-Bergmann 2011a,b) . However, the origin of these lines remains unclear. They appear in objects classified from starburst to active galactic nucleus-dominated. In active galactic nuclei (AGNs), unification models predict the presence of a dusty molecular torus that obscures the central source from some viewing angles, thus creating apparently different AGN classes (e.g. Seyfert 1 and Seyfert 2 galaxies). In order to block the radiation coming from the central source, the torus must have a very large optical depth (tens of magnitudes), thus serving as a natural reservoir of molecular gas. For example, Gratadour et al. (2003, see their this source shows that the molecular gas is distributed along the galaxy and is spatially correlated with a young stellar population (30 Myr old, Storchi-Bergmann et al. 2012) .
Observational evidence has confirmed that circumnuclear/nuclear starbursts can coexist in objects harbouring AGNs (e.g. Mizutani et al. 1994; Imanishi & Dudley 2000; Sturm et al. 2002; Contini et al. 2002; Rodríguez-Ardila & Viegas 2003; Imanishi & Wada 2004; Storchi-Bergmann et al. 2005; Shi et al. 2006) . However, in the case of low-luminosity AGNs, no strong starburst evidence is found, but significant fractions of intermediate-age stars are detected (Ivanov et al. 2000; Cid Fernandes et al. 2004; González Delgado et al. 2004; Cid Fernandes et al. 2005 , and references therein). Thus, if star formation is taking place or occurred recently, the presence of molecular clouds associated with the star forming regions should leave spectral signatures that may contaminate the AGN spectrum. Therefore, whether the H2 lines observed in AGNs are directly associated with either the molecular dusty torus or the circumnuclear gas remains an open question. Alternatively, the molecular gas may be directly associated with the AGN, but distributed within the circumnuclear region. This later scenario is supported by the fact that the H2 gas is most probably arranged c 0000 RAS in a disc surrounding the nucleus (Reunanen et al. , 2003 Neumayer et al. 2007) . In this picture, shocks by radio jets and X-ray heating are plausible excitation mechanisms for the H2 molecule (Knop et al. 1996; Dors et al. 2012) .
As shown by Rodríguez-Ardila et al. (2004 , 2005 and Riffel et al. (2006a) in the study of 51 objects, mostly AGNs, molecular hydrogen is detected in almost all Seyfert 2 (Sy 2) and in about 80% of the Seyfert 1 (Sy 1) sources. Interestingly, the four starburst galaxies in Riffel et al. (2006a) also show the presence of molecular hydrogen emission. However, these previous works have not included a statistically significant number of Low-ionisation nuclear emission-line region (LINER) and Star Forming Galaxies (SFGs). In fact, up to now, only a few investigations have included these type of sources (e.g. Larkin et al. 1998 ). These classes deserve separate analyses, as it is expected that the active nucleus has very little influence on their emission-line spectrum.
The H2 infrared emission lines may be produced by the radiative de-excitation following collisional excitation (thermal process) or UV (6-18 eV) photon absorption (non-thermal process). H2 may also be formed in an excited state, after which deexcitation also leads to emission of IR lines. This mechanism is, however, not very important in a hot or strongly UV/X-ray irradiated gas (e.g. Aleman & Gruenwald 2011) as AGNs. H2 IR emission can be significant in regions illuminated by UV photons (Black & van Dishoeck 1987; Sternberg & Dalgarno 1989) or X-rays (Maloney et al. 1996; Lepp & McCray 1983) , as well as in shocks (Hollenbach & McKee 1989) . In each case, a different emission-line spectrum is expected and, therefore, the relative intensities among the H2 emission-lines may be used to discriminate between the powering mechanisms (e.g. Mouri 1994 ), keeping in mind that multiple emitting regions and multiple mechanisms may simultaneously be present (Rodríguez-Ardila et al. 2004 , 2005 Riffel et al. 2006b Riffel et al. , 2008a Storchi-Bergmann et al. 2009; Riffel & Storchi-Bergmann 2011b) . Rodríguez-Ardila et al. (2004 , 2005 carried out a pioneering study of the H2 excitation mechanisms in a sample of Seyfert galaxies. The innovation of these investigations compared to previous ones (Veilleux et al. 1997; Larkin et al. 1998; Reunanen et al. , 2003 is that their integrated spectra cover the inner 300 pc in most of the sample, minimizing the host galaxy contamination and maximizing the number of diagnostic lines observed. In addition, [Fe II] and H2 emission-lines are usually suggested to form in the same region, and the evidence accumulated shows that forbidden iron emission in AGNs can have different sources, but very likely, all directly related to the central engine (Forbes & Ward 1993; Goodrich et al. 1994; Simpson et al. 1996; Alonso-Herrero et al. 1997; Mouri et al. 2000; Rodríguez-Ardila et al. 2004 , 2005 Davies et al. 2005; Riffel et al. 2006b Riffel et al. , 2008a Storchi-Bergmann et al. 2009; Riffel & Storchi-Bergmann 2011b; Dors et al. 2012, and references therein) . Thus, it is interesting to study the excitation mechanisms leading to H2, together with the processes responsible for the [Fe II] emission-lines.
With the above in mind, we present a study of the excitation mechanisms leading to the emission of H2 and [Fe II] for a sample of nearby LINERs and SFGs. We present 16 new spectra acquired with the same instrumentation employed by Rodríguez-Ardila et al. (2004 , 2005 and Riffel et al. (2006a) , with simultaneous observations of the JHK-bands, eliminating differences in aperture and seeing across the bands. The samples combined correspond to an homogeneous data set with ∼ 70 sources. To date this is the largest number of galaxies used to study the nuclear excitation mechanisms of H2 and [Fe II]. This paper is structured as follows. § 2 presents the observations and data reduction steps. § 3 discusses the kinematics of the H2 and [Fe II] gas inferred from their line profiles. In § 4, the excitation mechanisms of the H2 IR lines in AGN are discussed using new photoionisation models for AGNs and Starbusts. The calculated emission is compared to the observed H2 line ratios in a 1-0 S(2)/1-0 S(0) vs 2-1 S(1)/1-0 S(1) diagnostic diagram. § 5 analyses the line ratios H2 2.121µm/Brγ and [Fe II] 1.257µm/Paβ for different emission-line objects and the apparent correlation between these ratios over a large range of values. It also discusses the difference in these ratios for different nuclear activity type. Concluding remarks are given in § 6. A Hubble constant of 75 km s −1 Mpc −1 will be used throughout this work in order to be consistent with our previous studies.
OBSERVATIONS AND DATA REDUCTION
Near-infrared (NIR) spectra in the range 0.8-2.4 µm were obtained on October 4,6, and 7 in 2010 with the SpeX spectrometer attached to the NASA 3 m Infrared Telescope Facility (IRTF). The detector is a 1024×1024 ALADDIN 3 InSb array with a spatial scale of 0.15 ′′ /pixel. Simultaneous wavelength coverage was obtained by means of prism cross-dispersers. A 0.8 ′′ ×15 ′′ slit was used during the observations, giving a spectral resolution of 360 km s −1 . Both the the arc lamp spectra and the night sky spectra are consistent with this value. The seeing varied between 0.4 ′′ -0.7 ′′ over the different nights. Due to the extended nature of the sources, the observations were done by nodding in an Object-Sky-Object pattern with typical individual integration times of 120 s and total on-source integration times between 18 and 58 minutes. During the observations, A0 V stars were observed near each target to provide telluric standards at similar air masses. They were also used to flux calibrate the sample. Table 1 shows the observation log. The galaxies are listed in order of right ascension, and the number of exposures refers to on source integrations.
Spectral extraction and wavelength calibration were performed using the SPEXTOOL, a software developed and provided by the SpeX team for the IRTF community 1 , following the same procedures as described by Rodríguez-Ardila et al. (2004) . Column 10 of Table 1 lists the radius of the integrated region, with centre at the peak of the continuum light distribution for every object of the sample. No effort was made to extract spectra at positions different from the nuclear region, even though some objects show evidence of extended emission. Telluric absorption correction and flux calibration were applied to the individual 1-D spectra by means of the IDL routine xtellcor .
The 1-D wavelength and flux calibrated spectra were then corrected for redshift, determined from the average z measured from the position of [S III] 0.953µm, Paδ, He I 1.083µm, Paβ and Brγ. Final reduced spectra, in the spectral regions of interest in this work, are plotted in Figures 1 and 2 . 
ON THE MOLECULAR GAS KINEMATICS
The main goal of this section is to discuss how the velocity width of the H2 2.1213µm emission-line compares to that of [Fe II] and [SIII] in different objects. This provides important constraints to the location of the molecular gas, and allows a comparison between this region with the different types of nuclear activity. It is worth mentioning that the nuclear activity used here (Table 1) comes primarily from optical studies, and was taken from the NASA Extragalactic Database (NED). However, NIR emission-line ratios may reveal the presence of "hidden" AGNs (see Sec. 5). Previous results, mainly on Seyfert galaxies, are controversial. An imaging study of H2 emission (Quillen et al. 1999) shows that the H2 is distributed on scales of a few hundred parsecs from the nucleus. In addition, the fact that the H2 emission was found to coincide with [O III] and Hα+ [N II] for some sources led the authors to suggest that the molecular gas may follow the narrow line region (NLR) gas distribution. Schinnerer et al. (1999) suggest that the molecular gas in NGC 1068 and NGC 3727 originates from a warped disc with a radius smaller than ∼ 75 pc. These latter results are supported by those of Rodríguez-Ardila et al. (2004 , 2005 , who found that the H2 2.1213µm emission is spectroscopically unresolved or with FWHM systematically narrower than that of the NLR forbidden lines in Seyfert galaxies. This was interpreted in terms of a kinetic disconnection between the molecular and the NLR gas. Further support to this hypothesis comes from Integral Field Unit (IFU) studies of AGNs, which suggest that the H2 is in the galaxy plane, from the centre up to the field limit (∼ 500 pc), while the ionised gas is observed up to high latitudes (Riffel et al. 2006b (Riffel et al. , 2008a Storchi-Bergmann et al. 2009 Riffel & Storchi-Bergmann 2011a,b; Davies et al. 2009; Müller Sánchez et al. 2009 ).
In order to study the H2 and [Fe II] lines in LINERs and SFGs, and to complete our analysis of these transitions in emission-line objects, we have followed the methodology of our previous studies. We assume that the widths of the forbidden lines (or NLR gas in the case of AGNs) reflect the large scale motions of the emitting clouds in the gravitational potential of the central mass. As a consequence, similar FWHM of molecular and atomic forbidden lines would indicate that these species are co-spatial 2 . Table 2 lists the intrinsic FWHM of [S III] 0.9531µm, [Fe II] 1.2567µm and H2 1.957, 2.0332, and 2.121µm. To obtain the intrinsic FWHM, the instrumental width was subtracted from the observed line width in quadrature. The errors in FWHM (∼ 30 km s −1 ) are dominated by the uncertainty in the continuum placement. To ensure that the intrinsic FWHM is equal or larger than the instrumental one (360 km s −1 ), a line was considered to be spectroscopically resolved if its measured FWHM was larger than 500 km s −1 . Thus, lines with FWHM equal to 360 km s
in Table 2 [Fe II] tend to be broader than H2, following the same trend observed in Seyfert galaxies (Rodríguez-Ardila et al. 2004 , 2005 .
To better understand the kinematics of the gas emitting the different lines in the sources of different classification, we show in Figure 4 a fractional histogram of the FWHM values of the three lines used in Figure 3 for the data presented in Table 2 plus literature data taken from Rodríguez-Ardila et al. (2004 , 2005 . This plot shows that the molecular gas follows different kinematics than that followed by the atomic forbidden emission-line gas not only in Seyferts, but also in LINERs and SFGs. Previous work supports this disconnection in Seyfert galaxies, and suggests that the gas is arranged in a disc surrounding the nuclear re- gion (Reunanen et al. , 2003 . Further support for this hypothesis comes from Gemini-IFU studies (Riffel et al. 2006b (Riffel et al. , 2008a Storchi-Bergmann et al. 2009 Riffel & Storchi-Bergmann 2011a,b) , who suggest that the H2 is located in the galaxy plane and is distributed along the whole field, while the ionised gas is observed up to high latitudes from the galaxy plane.
In summary, the observational evidence presented here confirms that H2 is common within the inner few hundred parsecs of emission-line galaxies, regardless of type. The molecular gas follows different kinematics than that of the ionised gas, suggesting that the two emissions are not co-spatial. The H2 lines are narrower than the forbidden ones, in particular [S III]. A possible explanation involves atomic gas outflow. Indeed, have shown very recently that the velocity dispersion of gas restricted to the plane (H2 gas) does not correlate with that of bulge stars. On the other hand, the velocity dispersion of gas extending to higher latitudes (such as the [Fe II] emitting gas) is similar to that of the galaxy bulge stars. Higher velocity dispersions of [Fe II] relative to stars are probably due to an extra heating provided by a nuclear AGN outflow. In such a scenario, the atomic gas could be farther out from the supermasive black hole (SMBH) than the molecular gas. Another possibility worth mentioning is the atomic gas be- ing closer to the SMBH than the molecular gas and, thus, being more affected by the gravitational pull of the putative SMBH in AGNs. Such a possibility is related to the fact that [S III] is a higher ionisation line and, thus, its bulk should be formed more inwards in the NLR than [Fe II] and H2. Thus, the unresolved FWHM of H2 in almost all objects implies that the molecular gas is probably not gravitationally bound to the SMBH, but to the collective gravitational potential of the galaxy. According to literature results (Reunanen et al. , 2003 , it may be arranged in a disc-like structure. Further support of this hypothesis comes from the fact that, compared to SFGs, AGNs tend to have significantly broader [S III] than [Fe II] and H2 (Fig. 4) .
EXCITATION MECHANISMS OF THE H2 LINES
As mentioned in the Introduction, H2 line ratios are used to discriminate among the dominant line excitation mechanisms. For example, Mouri (1994) suggested the use of the ratios 1-0 S(2) 2.033µm/1-0 S(0) 2.223µm versus 2-1 S(1) 2.247µm/1-0 S(1) 2.121µm to separate the mechanism exciting the H2 emission. Figure 5 shows this plot for the objects listed in Table 1 1 S(1)/1-0 S(1) than SFGs, while Sy2 and LINERs are concentrate in a smaller region around the coordinates (0.1,1.5). Note also that two BCGs are on the lower right of the plot. Figure 5 also shows results of model calculations found in the literature. The UV-excited low-density gas models of Black & van Dishoeck (1987) occupy the region indicated by the orange filled circle on the right, while the UV-excited high-density models of Sternberg & Dalgarno (1989) occupy the region indicated by the green box on the left. Models of X-ray irradiated gas of Lepp & McCray (1983) are indicated by purple stars. The cyan star is a model of shock by Kwan (1977) . Maloney et al. (1996) showed that for X-ray-irradiated molecular gas, the 2-1 S(1)/1-0 S (1) intense). Dors et al. (2012) calculated the ratios with the photoionisation code CLOUDY for AGN models. They found that heating by X-rays produced by active nuclei is a common and very important mechanism of H2 excitation. Shock models by Kwan (1977) give 2-1 S(1)/1-0 S(1) = 0.092 and 1-0 S(2)/1-0 S(0) = 0.87, while Hollenbach & McKee (1989) find ratios in the range 0.3-0.5 for the 2-1 S(1)/1-0 S(1) ratio 3 . The observed ratios are not reproduced by any of pure lowdensity UV, high-density UV, X-rays or shock models only. Different processes may be more important in different objects. Moreover, a mixture of these processes are likely to be exciting the molecule in both AGNs and SBs. Here we will focus our discussion in the excitation due to a radiation source (i.e., no shock excitation).
The models of Sternberg & Dalgarno (1989) and Black & van Dishoeck (1987) only consider UV radiation (E < 13.6 eV). On the other hand, the models of Maloney et al. (1996) only consider X-ray radiation (E 100 eV). Lepp & McCray (1983) present very complete models and take a wider energy range into account, but they only calculated two models. Dors et al. (2012) obtained models for a single value of gas density (nH = 10 4 cm −3 ) and their calculations stop when the temperature falls to T = 1000 K, missing an important part of the H2 emission, where the X-rays may be of great importance (see the discussion of Here we present new calculations of the H2 IR emission lines produced with a photoionisation numerical code. These calculations are an improvement over the previous mentioned calculations, since they consider the spectrum from the IR up to X-rays (10 −5 keV E 1 keV), they run from the inner and more ionized zones to the outer and more neutral zones, where T decreases to 100K. The processing of the radiation in the inner gas shells is done in a self-consistent way and the microphysics of H2 is included in detail. The models are described below (Sect. 4.1). In Sect. 4.2, we compare model and observed H2 line ratios, with the aim of studying the excitation mechanism of these lines. Objects with different nuclear activity populate different regions of the H 2 1-0 S(2) 2.033µm/1-0 S(0) 2.223µm versus 2-1 S(1) 2.247µm/1-0 S(1) 2.121µm diagnostic diagram. Different types of nuclear activity are shown in each plot as follows: Sy1, QSO, and NLSy1 (black open squares); Sy2 (red filled squares); LINERs (green asterisks); SFGs (blue filled circles) and BCGs (purple open circles). The orange dashed curve represents the ratios for an isothermal and uniform density gas distribution; each dot represents the temperatures from 1000 to 6000 K, in steps of 1000 K, from left to right. The orange circle on the right covers the locus of the non-thermal UV excitation models of Black & van Dishoeck (1987) , while the green box (on the left) covers the locus of the thermal UV excitation models of Sternberg & Dalgarno (1989) . Purple stars are thermal X-ray models of Lepp & McCray (1983) and cyan star is a model of shock by Kwan (1977) . Dors et al. (2012) are indicated by the two pink polygons.
Models
We calculated the intensity of H2 emission lines of AGNs using the one-dimensional photoionisation code AANGABA (Gruenwald & Viegas 1992) . The H2 microphysics is included in detail in the code. To calculate the intensity of H2 IR lines, the density and the population of the H2 electronic ground state rovibrational levels that originate the emission must be known. Aleman & Gruenwald 2004 ). The code includes over forty different reactions of formation and destruction of these species. The population of the H2 rovibrational levels of the three lowest electronic bound states is calculated by assuming statistical equilibrium (i.e., the total population rate of a level is equal to the total depopulation rate). The populations of the electronic ground level takes into account the radiative and collisional excitation and de-excitation mechanisms, as well as the possibility that H2 is produced or destroyed in any given level. For upper electronic levels, only radiative electronic transitions between each upper state and the ground state are included, since this must be the dominant mechanism.
The population of excited H2 rovibrational levels of the electronic ground state occurs mainly by electric dipole transitions to upper electronic states, with the absorption of a UV photon, followed by the subsequent decay to the ground state (with the emission of an UV photon), usually in a excited rovibrational level. This mechanism of H2 excitation is called UV pumping. The decay to lower levels, through quadrupole transitions, produces fluorescence. Collisions with the dominant species of the gas may also be an important route of H2 excitation. We included collisions of H2 with the main components of the gas, i.e., H, H + , He, H2, and electrons. The H2 molecule is also included in the gas temperature calculation, which assumes thermal equilibrium (the total input of energy in the gas is balanced by the total loss of energy per unit time and volume). The relevant mechanisms of gain and loss of energy by the gas due to atomic species, dust, and H2 are taken into account. The gas heating mechanisms are photoionisation of atoms, atomic ions, and H2 by the primary and diffuse radiation, H2 photodissociation (direct and two steps), H2 formation on grain surfaces, by associative detachment, and by charge exchange with H, H2 collisional de-excitation, and photoelectric effect on dust surfaces. The gas cooling mechanisms are emission of collisionally excited lines; radiative and dielectronic atomic recombination, thermal collisional atomic ionisation, free-free emission, collisional excitation of H2 destruction of H2 by charge exchange with H + , H2 collisional dissociation, and collision of gas-phase particles with dust grains.More details on the calculation of the H2 level population are found in Aleman & Gruenwald (2004 .
The emissivity of a line produced by de-excitation from a given level is the product of the population of that level by the Einstein coefficient of the transition and by the energy of the emitted photon. The emissivities of the H2 IR lines are calculated for each point of the nebula. The intensities are calculated by integrating the emissivity over the nebular volume. The gas is assumed to be optically thin for the H2 lines.
We assume a spherical distribution, uniform density and composition for gas and dust, and gas densities (nH ) from 10 3 to 10 5 cm −3 , which are typical for AGNs (Osterbrock 1989) . Solar abundance is assumed for the elements in all models (Osterbrock 1989) , with values (Table 3) obtained from Grevesse & Anders (1989) . The chemical composition affects the processing of the radiation inside the cloud and, consequently, the ionisation structure of the cloud, but this does not significantly affect the H2 ratios, as shown by Dors et al. (2012) .
Dust, in our models, is assumed to be composed by spherical graphite grains with optical properties taken from Draine & Lee (1984) ; Laor & Draine (1993) . Models were calculated for two different grain radii, 10 −2 and 10 −1 µm, typical interstellar values according to (Li 2007) and Mathis et al. (1977) . As shown in Aleman & Gruenwald (2004) , the dust particle size is more important for the H2 density than the grain type. The dust-to-gas mass ratio (M d /Mg) is assumed constant in all models. Models were calculated for M d /Mg = 10 −3 and 10 −2 , average values for planetary nebulae and the interstellar medium (Tielens 2005; Lenzuni et al. 1989; Stasińska & Szczerba 1999) .
In our models, the spectrum of an AGN is approximated by a power law, i.e., L = CE −α , where E is the photon energy, L is the number of photons per unit time per unit of energy emitted by the source, and α is the spectral index. The constant C roughly indicates the radiation field intensity. It is usually defined in terms of the ionisation parameter, which is the ratio of the amount of hydrogen ionising photons incident on the inner border of the cloud to the density of H atoms of the cloud. The ionisation parameter (U ) is then
in nH c where nH is the numerical H density of the cloud, Rin is the internal radius of the cloud, QH is the number of hydrogen ionising photons emitted by the ionising source per unit of time, and c is the speed of light. U values between 10 −4 and 10 −1 are inferred from observations of the NLR of AGNs (e.g. Osterbrock 1989). In this paper, we use models for average U values (0.1, 0.01 and 0.001). The shape of the UV to X-ray SED can differ among AGNs (Prieto et al. 2010 ), a range well represented by spectral indices from 1.0 to 1.5, which we use in our models.
For comparison, we also include models with a starburst-like spectrum. For such models, we assume that the ionising spectrum has the shape given by Riffel et al. (2008b) , which represents the underlying stellar population of the Starburst (SB) galaxy NGC 7714. We scale the spectrum to study different number of ionising photons. The models range from log(QH ) = 52 to 54, to cover SB values (Leitherer et al. 1995) . We study the same range of gas and dust parameters as for AGNs.
Our models show that the bulk of the H2 near-IR emission in AGNs is produced in the warm region of the gas, so we use T 100 K as the stop criterion for the models. For SBs, there is a nonnegligible contribution from gas with T < 100 K in some cases, so the stop criterion is T 50 K. Figure 6 shows the H2 line ratios resulting from our AGN models and from observations. Similarly, Fig. 7 compares our SBs models with observations. The observational data and the results of previous models showed in Fig. 5 are also included in the plots of Figs. 6 and 7 for comparison.
H2 Diagnostic Diagram: observations versus models
Our models with typical AGN parameters can reproduce most of the observed values (including the SFGs), while SB models only account for a fraction of the SFGs and BCGs and sub-sample of the AGNs with high 1-0 S(2)/1-0 S(0). Our models confirmed that the H2 excitation in AGNs is most likely produced in a gas irradiated by a spectrum rich in high energy photons, while for the SBs the H2 excitation is could be due to a starburst-like spectra or by a powerlaw spectra as can be seen in Figs. 6 and 7. Models with a hard incident spectrum (i.e., with a large amount of high energy photons, or a lower α value) tend to have lower 2-1 S(1)/1-0 S(1) ratios than AGN models with soft spectra or SB models. The region around the coordinates (0.15,1.5) on these plots is densely populated with Seyfert galaxies and LINERs. For α =1.0, only models with nH < 10 4 cm −3 can reproduce the observations. Models with α =1.5 can reproduce the observations, with the exception of the dense (nH ∼ 10 5 cm −3 ) U = 0.1 models. Alternatively, if the cloud is dense (nH ∼ 10 5 cm −3 ), the cloud is thiner than our models, i.e., has only gas at temperatures higher than 500K (see paragraph bellow). The observations around the coordinates (0.12,1.5) can only be reproduced by models with nH ∼ 10 3 cm −3 . It is worth mentioning that the H2 line ratios remain essentially unchanged if we consider an average AGN ionizing spectrum like the one used by Korista et al. (1997) , or an equivalent power-law. For the latter we mean a SED that produces approximately the same far-UV (5eV) to X-ray (2keV) flux ratio. The Korista et al. (1997) SED, for example, is equivalent to a single power-law with a spectral index of Figure 6 . H 2 diagnostic diagram: comparing AGN models and observations. Symbols represent observations, the polygons represent models found in the literature, and the dashed curve represents the ratios for an isothermal and uniform gas density distribution; they follow the same notation as in Fig. 5 . Calculated ratios are show in each panel as solid lines. Each panel shows AGN models for a different power law spectra, with the ionisation parameter U and the spectral index α as indicated. Each curve connects models for a dust grain size, ag = 10 −1 (left curve) and 10 −2 µm (right), where the gas density is varied. Dotted lines connect models of the same density for log n H = 3, 4, and 5. These models assume that the cloud is at 1 pc from the central source. In each panel, the leftmost curve is for models with the dust grain size ag = 10 −1 and the rightmost for 10 −2 µm. Each panel shows SB models for different number of H ionising photons (Q H ) and dust-to-gas ratio (M d /Mg). Q H is given in photons s −1 . Dotted lines connect models of the same density for log n H = 3, 4, and 5. These models assume that the cloud is at 1 pc from the central source.
1.4. As an example, one of our models with a spectral index of 1.5 gives the ratios 1-0 S(2)/ 1-0 S(0) = 1.252 and 2-1 S(1)/ 1-0 S(1) = 0.523, while a model with the same parameters plus the Korista et al. (1997) SED gives very similar results for 1-0 S(2)/ 1-0 S(0) = 1.174 and 2-1 S(1)/ 1-0 S(1) = 0.566.
The increase of the depth in the cloud also affects significantly the line ratios as can be seen in Fig. 8 . In general, for increasing depth both ratios decrease towards lower values, initially following the LTE high temperature solutions (dashed curve) and then following a path that depends on object properties. It can clearly be observed in this figure that the ratios are significantly affected if the models run only for T 1000 K (marked with red stars), thus, affecting model predictions.
The diagrams show that several factors, besides the radiation source, compete for the determination of H2 line ratios. Gas and dust density, grain size, and the shape and luminosity of the central source spectra are the most important. For example, Figure 6 shows that AGN models with high gas density tend to have low 1-0 S(2)/1-0 S(0) and 2-1 S(1)/1-0 S(1) ratios, reflecting an emission spectrum dominated by collisions, as discussed by Sternberg & Dalgarno (1989) . Values obtained by Kwan (1977) for shock regions are similar to our densest AGN models. For SBs, high density models also tend to have low values of 1-0 S(2)/1-0 S(0), but the exact behaviour of 2-1 S(1)/1-0 S(1) with density also depends on other properties, as discussed below.
Since we assume a constant dust-to-gas ratio (and not the density of grains), increasing the gas density also increases proportionally the amount of dust. As seen in Fig. 7 , increasing just the dust-to-gas ratio (keeping nH constant) diminishes the 1-0 S(2)/1-0 S(0) ratio, but not necessarily 2-1 S(1)/1-0 S(1). We show only SB models with different dust densities, but the effect of increasing dust density on AGN models is similar to that on SB models.
As previously mentioned, dust grain size also plays an important role in H2 line ratios. Models with smaller dust grains have smaller 2-1 S(1)/1-0 S(1) ratios. Assuming a constant dustto-gas ratio, the optical depth due to dust and the H2 formation rate are inversely proportional to grain size, as shown in Aleman & Gruenwald (2004) . For these reasons, more H2 is produced in models with smaller grains.
H2 excitation temperatures and masses
As stated in Rodríguez-Ardila et al. (2005) , an alternative way to determine the mechanism driving the molecular gas excitation is to derive the rotational and vibrational temperatures for the H2. A gas dominated by thermal excitation has similar rotational and vibrational temperatures (as expected for a gas in LTE) while fluorescent excitation is characterized by a high vibrational temperature and a low rotational temperature. For more details see Rodríguez-Ardila et al. (2005, and references therein) .
The values of T vib and Trot can be calculated using the fluxes of the observed H2 lines together with the expressions : (1) ) and Trot ∼ = −1113/ln(0.323 × I 1−0S(2) /I 1−0S(0) ). The derived values are presented in Table 5 . It can be observed from that table and from Rodríguez-Ardila et al. (2005) In addition to the excitation temperature, the fluxes of Ta- . The mass of this hot H2 for our galaxy sample is listed in Table 5. They were calculated assuming T =2000 K, a transition probability A S(1) =3.47×10 −7 s −1 (Turner et al. 1977) , the population fraction in the ν=1, J=3 level fν=1,J=3=0.0122 (Scoville et al. 1982 ) and the intrinsic flux of H2 2.121µm, I 1−0S(1) . The extinction coefficient, Cext, is calculated by assuming an intrinsic value of 5.88 for the flux ratio Paβ/Brγ (Osterbrock 1989, , case B). As can be observed in Table 5 and in Rodríguez-Ardila et al. (2005) , the mass of the hot H2 is very similar for all activity types. The fraction of molecular mass present in the nuclear region and emitting in the NIR is a very small fraction of the warm molecular mass expected to be present in the galaxy centre (up to 10 10 M ⊙, Young et al. 1961, for example), and is not related to activity type.
Overall, the diagnostic diagrams presented in Figs. 6 and 7 allow us to distinguish fairly well between the H2 excitation mechanisms (collisional or UV pumping). However, it is not straightforward to distinguish between different classes of sources (e.g. AGN or Starburst), as discussed in the previous subsection. Alternatively mechanisms may dominate the H2 excitation in different regions in a same object. As the emission lines are integrated along the line of sight, we observe a combination of such processes. As can be seen in Figs. 6 and 7, both collisional and UV pumping excitations may play an important role not only in AGNs but also in SFG galaxies. This is further supported by the similarity between the vibrational and rotational temperatures of H2 in some objects, and the tendency of T vib to be higher than Trot in others (see Table 5 ). For example, in SFGs, the thermal processes may dominate the excitation of the gas irradiated by supernova remnants (SNRs) or very hot stars. In this case, the H2 emission is due to X-ray excitation, which would favour vibrational transitions over rotational transitions (Rodríguez-Ardila et al. 2005) . Mouri (1994) showed that SNRs lies very close to the thermal curve in these diagnostic diagrams (see their Fig. 1 ). In the case of UV excitation by stars, the effective optical depth of the nebula, a non-thermal signature, will be determined if the ratios reflect the domination of thermal or non-thermal process (Sternberg & Dalgarno 1989) . Each solid curve represents a model, with distance increasing from right to left. The red stars and black dots over these curves indicate the stop criterion of T = 1000 K and 100 K, respectively. Dots are observations and the dashed curve represents the ratios for an isothermal and uniform gas distribution as shown in Figs. 6 to 7. 1.257µm/Paβ flux ratios between 0.6 and 2. Starburst/H II galaxies display line ratios <0.6, while LINERs are characterized by values higher than 2 for both ratios. However, the lack of an adequate number of objects preclude definitive conclusions in those studies. Here, with a larger sample, and most importantly, a more adequate number of objects of each activity class, we may provide further support to the trend already observed. Figure 9 presents the updated version of H2 2.121µm/Brγ × [Fe II] 1.257µm/Paβ diagnostic diagram. The sample analyzed here is composed by the objects listed in Table 1 plus some taken from the literature: AGNs from Rodríguez-Ardila et al. (2004 , 2005 , SFG from Dale et al. (2004) and Larkin et al. (1998) , LINERs, supernova remnants (SNRs) from Larkin et al. (1998) , and BCGs from Izotov & Thuan (2011) . As can be seen in Figure 9 , LINERs and AGNs are not clearly separated by such a diagram. However, our sample of LINERs is composed by Luminous Infrared Galaxies (LIRGs), and the classification in Table 1 is based on optical emission-line diagrams, which are affected by reddening (see Rodríguez-Ardila et al. 2005 , for example). Since LIRGs harbour large quantities of dust, we suggest that the LINERs lying within the region of AGNs may hide a Seyfert nucleus.
NUCLEAR ACTIVITY FROM NEAR-INFRARED EMISSION-LINES
With our sample comprising ∼ 65 objects, we not only confirm the diagram (Fig. 9) as a discriminator of emission-line objects by their degree of activity, but we also provide improved limits to the line ratios for each activity type are mainly excited by the same mechanism, i.e., X-ray. In fact, it was shown very re-cently by Dors et al. (2012) , using photodissociation models, that X-ray heating from the AGN is an important mechanism in the excitation of these NIR emission-lines in AGNs (see Sec.4). They also show that a decrement in the X-ray content of the continuum source translates into a line weakening, and their models are no longer compatible with observations. However, X-ray heating is a plausible explanation for AGNs, but may not work for LINERs. Larkin et al. (1998) , for example, argue that hard X-ray heating from a power-law is a plausible mechanism to explain LINERs with low values of the [Fe II]/Paβ and H2 2.121µm/Brγ ratios. But, it would not explain the high values (up to ∼7) observed in some objects. Nevertheless, the high [Fe II]/Paβ line ratios may be explained by the dependence of [Fe II]/Paβ on the Fe/O abundance and on the dependence on the ionisation parameter of the molecular gas, leading to high values for both ratios (Dors et al. 2012 , see their Figure 1) On the other hand, it has been recently proposed that it is unlikely that LINER emission lines are powered by photoionisation by the low-luminosity AGN they harbour (Eracleous et al. 2010; Cid Fernandes et al. 2010; Yan & Blanton 2012) . This would rule out X-ray heating as the main mechanism driving the excitation of the NIR emission-lines in LINERs. We investigated the role played by the hard X-ray (2-10 KeV, Fx) radiation in [Fe II] (Fig. 10) . The X-ray fluxes were taken from literature and are listed in Table 6 . A mild correlation is observed for Fx/Brγ vs H2/Brγ (Fig. 10a) , indicating that the X-ray heating is an important mechanism in the molecular gas excitation. For a more objective assessment of the X-ray heating in our data, we included model predictions to Fig. 10a . It is clear that the explored parameter space overlaps the observed line ratios. In addition, the AGNs are better explained by α=1 and U =0.1. It is also interesting that Sy 1s require higher hydrogen gas densities than the other activity types, indicating that the molecular gas in Sy 1s is denser. No correlation is observed for Fx/Paβ, and, [Fe II]/Paβ and as for the diagram invloving H2/Brγ no separation is observed between LINERs and Seyferts (Fig. 10) . This result suggests that X-ray heating alone is not responsible for the observed sequence in Fig. 9 . As shown by Dors et al. (2012) , high values of [Fe II]/Paβ line ratios can be explained by the dependence on the Fe/O abundance. Thus, the observed sequence in Fig. 9 may be a consequence of the amount of X-ray photons together with abundance effect (i.e. in the case of LINERs powered by star-formation, SN explosions would eject enriched material to the interstellar medium).
A detailed interpretation of the variation of these line ratios, from pure-starburst driven emission to LINER nuclei, is non-trivial. A possible scenario is that the different line ratios reflect different excitation mechanisms, in the sense that they are able to describe a transition from an ionizing radiation powered by star formation to pure shock excitation driven by SNRs (Mazzalay et al. 2012 ). In such a case, the emission-line ratios observed in our LINER sample would be a combination of processes, from X-ray heating to starformation/evolution. Since most LINERS have strong star formation (Tab. 1), the stars could provide the required electromagnetic or mechanical power to produce the observed line strengths. However, to clearly investigate this issue, a 3D simulation of the emitting gas would be needed (i.e. AGN in the center + star-formation in a volume). It is also worth mentioning that, in the case of star formation, the underlying stellar population would significantly affect the atomic hydrogen emission-lines, thus affecting the observed line ratios (Larkin et al. 1998; Riffel et al. 2008b) .
Another interesting point is the fact that Brγ is produced et al. (2009) mostly inside the hydrogen ionised region, while the H2 emission originates in a warm semi-ionised region (Aleman & Gruenwald 2011) around the hydrogen recombination and in the photodissociation region (PDR), where H is mostly neutral. SFGs typically have lower 1-0 S(1)/Brγ ratios than AGNs. This may indicate that the region that produces the H2 emission in AGNs is larger than in SBs, if we consider that AGN spectra are harder than SFG's. Harder ionisation spectra may produce a more extended semi-ionised region (Aleman & Gruenwald 2004 , 2007 , which favours the formation and emission of H2. In our models, the ratio H2 1-0 S(1)/Brγ is within the range 10 −3 <H2 1-0 S(1)/Brγ < 10 (see Sec. 4), with the higher ratios (> 1) occurring in models with α =1.0 and the smallest values (< 10 −2 ) occurring for α =1.5 (in fact, the emission of these last objects are below the detection limit of our obser-vations). Furthermore, denser and/or dustier models typically have higher ratios. A more detailed discussion on these models will be made in a forthcoming work (Aleman et al., in preparation) .
CONCLUDING REMARKS
We present NIR spectroscopy (0.8µm -2.4µm) of seven SFGs and nine LINERs to discuss the distribution and excitation of the emitting H2 and [Fe II] gas in emission-line galaxies. These data were analysed together with similar AGN data of two previous publications (Rodríguez-Ardila et al. 2004 , 2005 . The whole data set constitutes the most complete and homogeneous sample of such kind of objects observed in the NIR to date. Our main conclusions are:
• H2 is common within the inner few hundred parsecs of emission-line galaxies, regardless of type. However, the molecular gas follows different kinematics than that of the ionised gas, suggesting that the two emissions are not co-spatial. For example, it is clear that the H2 lines are narrower than the forbidden lines, especially for [S III]. This could be interpreted as if the latter is broadened by the gravitational influence of the SMBH in the AGNs. Furthermore, LINERs tend to have [S III] significantly broader than [Fe II] and H2 compared to SFGs. The fact that H2 FWHM is unresolved in almost all objects implies that the molecular gas is probably not gravitationally bound to the SMBH but to the gravitational potential of the galaxy following a different kinematics than that of the classical NLR gas. In addition, IFU data and rotation curves derived for H2 and published by other authors for objects in common with our sample support this hypothesis and point to a scenario where H2 may be arranged in a disc-like structure on the galaxy plane.
• We have computed new photoionisation models for clouds ionised by AGN and stars, which provided fluxes of the H2 lines. We use a diagnostic diagram with H2 IR line ratios to study the excitation mechanisms of H2. The thermal excitation plays an important role not only in AGNs, but also in SFG galaxies. This hypothesis is further supported by the similarity between the vibrational and rotational temperatures of H2 in some objects, and the tendency of T vib to be higher than Trot in others. In SFGs, the importance of the thermal excitation may be associated with the presence of SNRs close to the region emitting H2 lines.
• With our extended sample, of 65 objects, we have confirmed that the diagram involving the line ratios H2 2.121µm/Brγ and [Fe II] 1.257µm/Paβ is an efficient tool for separating emission-line objects according to their dominant degree of activity and should be useful for classifying objects with hidden AGNs or highly reddened objects. We also provide improved limits to the line ratio intervals for each activity type, as follows: • A positive correlation is found in the diagnostic diagram involving the above ratios, interpreted as being a more likely an apparent correlation, since different mechanisms drive the production of either [Fe II] or H2 according to the level of nuclear activity. It is not discarded that a combination of X-ray heating from the central source (in AGNs) plus shock heating (radio jet and NLR gas interaction) and/or SNRs can simultaneously drive the emission of [Fe II], supporting this correlation in LINERs and SFGs. Figure 10 . Hard X-ray flux versus emission line ratios. The simblos for the observations are the same as in Fig. 9 . Hexagons represent models with U=10 −3 and stars with U=10 −1 (open symbols are for α=1 and filled for α=1.5). Points joined by dotted and dashed lines represent n(H)=10 3 and n(H)=10 5 , respectively.
